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ABSTRACT
This study compared the quality of test code in projects based
on the Model-View-Controller (MVC) and Model-View-ViewModel
(MVVM) architectures in GitHub repositories. The effectiveness of
test suites was evaluated through mutation testing.The research
problem lies in the lack of empirical evidence on whether architec-
tural differences, which affect modularity, separation of concerns,
and ease of test creation, also translate into higher effectiveness
of test suites. To address this, the objective was to evaluate and
compare the fault detection capability of tests in both architectures
using mutation testing. The methodology involved computing mu-
tation scores, examining the relationship between code coverage
and test effectiveness, and analyzing the incidence of mutants that
fail due to compile-time errors. The experiments were conducted
with Stryker.NET for the automated execution of mutation tests and
subsequently applied statistical analyses to interpret the collected
data. The study showed no evidence of the impact of architectural
choices on test effectiveness. Results also showed a mild correlation
between code coverage of tests and mutation score. This finding
is relevant, as it indicates that although more modular architec-
tures facilitate the creation of tests, this characteristic does not
necessarily translate into higher quality of the test suites.
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1 Introduction
The quality of testing is essential to ensure software reliability and
maintainability by validating functionalities and detecting failures
before they reach the end user [6]. Software architectures such as
Model-View-Controller (MVC) and Model-View-ViewModel (MVVM)
directly influence how tests are structured, impacting aspects such
as modularity, coupling, and separation of concerns [8, 17]. Ar-
chitectures that promote high modularity and low cohesion, as
discussed by Gomaa [4], facilitate maintainability and contribute
to more effective testing, reducing the long-term effort required to
ensure test quality.

Although studies exist that explore the testability of architectures
such as MVC and MVVM, most of these analyzes are limited to
controlled scenarios and simplified prototypes, without considering
the dynamics of real-world and collaborative projects such as open-
source repositories [8, 17], where themanagement andmaintenance
of test code—carried out by multiple contributors are even more
complex and essential for the continuous quality of the project [2].
This gap hinders a clear understanding of how these architectures
influence test code quality in practical contexts.

Several studies have previously explored architectures such as
Model-View-Controller (MVC),Model-View-ViewModel (MVVM), and
Model-View-Intent (MVI), comparing them in terms of testability,
maintainability, and performance [8]. However, most of these inves-
tigations are conducted using baseline projects specifically designed
for measurement purposes, which limits the findings to controlled
environments. Comparisons between MVVM and MVC in terms of
testability and maintainability have been performed on graphical
interface applications [17]; however, they do not extend to real and
collaborative projects such as those found on GitHub.

In this context, the goal of this paper is to compare the Model-
View-Controller (MVC) and Model-View-ViewModel (MVVM) archi-
tectures in terms of test quality in open-source projects. The specific
goals are: (i) to evaluate and compare the fault detection rate (mu-
tation score) between MVC and MVVM projects using mutation
testing to measure the effectiveness of each architecture’s test suite;
(ii) to analyze test coverage effectiveness by combining the line
coverage rate with the mutation score to assess whether test suite
reach in MVC and MVVM projects is associated with higher fault
detection capability; and (iii) to examine the proportion of mutants
that result in compilation errors in each architecture, aiming to iden-
tify structural limitations or coupling issues that may compromise
system testability.

At the end of the study, the results revealed that althoughMVVM
projects exhibited higher median values in most metrics, including
a median Mutation Score of 50.62% compared to 31.23% in MVC,
these differences were not statistically significant. The high internal
variability and heterogeneity across projects likely reduced the
power of statistical tests to detect consistent effects. Moreover, no



SBQS25, Nov 04–07, 2025, São José dos Campos, SP Andrade et al.

strong or significant correlation was found between repository age
or line coverage and test effectiveness, as measured by mutation
testing. This suggests that factors such as architecture, coverage,
and maturity alone do not determine test quality in practice. These
findings suggest that external factors, such as developer experience,
testing culture, and project complexity, may have a more significant
impact on the quality of test code in open-source contexts than
the architecture itself. Thus, while architecture can support good
testing practices, its impact on fault detection is not guaranteed
in isolation, reinforcing the importance of adopting well-defined
testing strategies regardless of the architectural model employed.

The remainder of this paper is organized into seven sections.
Section 2 presents the theoretical foundation, covering the MVC
and MVVM architectures and test quality concepts. Section 3 re-
views related work, highlighting comparative studies and test qual-
ity metrics across different architectures. Section 4 describes the
methodology used for collecting and analyzing data from open-
source repositories. Section 5 introduces the artifacts developed for
the study. Section 6 presents the results for each metric. Section 7
discusses the findings, and Section 8 presents the threats to validity.
Finally, Section 9 concludes the study.

2 Background
This section presents the concepts of Model-View-Controller (MVC),
Model-View-ViewModel (MVVM), Software Testing, and Mutation
Testing. These concepts provide the theoretical foundation for an-
alyzing the quality of test suites in repositories that adopt these
architectures.

2.1 Model-View-Controller (MVC)
MVC is an architectural pattern designed for applications that inter-
act with users through graphical interfaces, with its main advantage
being the separation of concerns between the visual interface and
the business logic of the application [7]. The pattern divides the
system into three primary layers: Model, View, and Controller, as
illustrated in Figure 1.

Figure 1: Representation of the MVC architecture [12].

TheModel is the layer responsible for managing application data,
interacting with the database, and applying business logic to that
data. It encapsulates the logic for accessing and manipulating data

without directly exposing these operations to other parts of the
system. The View displays information to the user and represents
the data and graphical interface layer. However, it does not directly
communicate with the Model; all data flow is handled by the Con-
troller. The Controller acts as an intermediary between the View
and the Model, receiving user input, processing it, and determining
how the data from the Model will be displayed in the View [7].

2.2 Model-View-ViewModel (MVVM)
The Model-View-ViewModel (MVVM) is an architectural pattern
that evolved from MVC, aiming to simplify the development of
user interfaces in complex applications [13]. This pattern splits the
application into three main components: Model, ViewModel, and
View, as shown in Figure 2.

Figure 2: Representation of the MVVM architecture [16].

MVVM shares similarities with MVC but introduces the View-
Model layer, which is responsible for managing the state of the
interface (View) and user interactions without requiring the View
to be aware of the business logic (Model). This separation is made
possible by Data Binding, which enables automatic synchronization
between the interface data and the application state, such that any
change in one is immediately reflected in the other. As a result, the
UI developer does not need to understand the internal workings
of the View, ensuring greater independence between classes and
consequently enhancing interoperability and the creation of unit
tests [13, 17].

2.3 Software Testing and Mutation Testing
In scenarios where software errors can lead to critical failures, such
as disruptions in financial services or security issues, testing plays a
key role in validating functionality and preventing faults [6]. How-
ever, traditional testing approaches, such as unit and integration
tests, often fail to detect more complex issues related to business
logic or edge conditions. To address these limitations, mutation
testing offers an alternative that assesses test suite robustness by
introducing small, controlled modifications to the code to simulate
potential defects [15].

These controlled modifications, called “mutants,” simulate po-
tential faults by altering conditional operators, return values, or
variable assignments. The effectiveness of a test suite is measured
by its ability to detect and "kill" these mutants, meaning it can
identify the injected modifications. One approach to assessing the
quality of mutation testing is to use a mutation score. TheMutation
Score metric expresses the percentage of killed mutants relative
to the total generated and serves as a direct indicator of test ro-
bustness [14, 15]. In architectures such as MVC and MVVM, which
promote the separation of concerns, mutation testing is particularly
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useful for exploring structural differences that affect testability,
such as layer isolation and component modularity [17].

3 Related Work
The related work explored in this section addresses the context of
software quality in testing, as well as comparative studies between
architectures such as MVVM and MVC based on performance-
oriented quality.

Wu et al. [20] investigated the impact of eliminating test smells on
code quality by analyzing 119 versions of 10 open-source projects.
The authors identified and removed five types of test smells: Mys-
tery Guest, Resource Optimism, Eager Test, Assertion Roulette, and
Sensitive Equality, quantifying the results with metrics such as
defect-proneness and change-proneness. Their findings showed that
refactoring test smells significantly reduces the likelihood of de-
fects and changes in both test and production code. This study is
relevant to the present work as it demonstrates how specific charac-
teristics of test code can influence its effectiveness, particularly in
projects that adopt different architectural structures such as MVC
and MVVM.

Wisnuadhi et al. [18] compared the performance of MVP and
MVVM architectures in Android applications, evaluating metrics
such as CPU usage, memory consumption, and execution time. A
point-of-sale application was implemented for this comparison,
revealing that MVVM outperformed MVP in CPU efficiency and
execution time, while MVP showed better performance in memory
usage. Although the focus was on performance, the analysis method
offers insight into how different architectures can be practically
compared. This work contributes methodologically by highlighting
the importance of evaluating specific architectural aspects, which
can be adapted to study differences in test quality between MVC
and MVVM.

Jun and Rana [5] assessed the impact of design patterns such
as Factory Method, Singleton, and Decorator on code maintainabil-
ity, using tools like SonarQube. Their results indicated that well-
implemented design patterns increase modularity and facilitate
maintenance, helping to reduce code complexity. The relevance
of this study lies in demonstrating how the adoption of structural
approaches affects overall code quality, allowing one to infer how
MVC and MVVM architectures may influence test organization and
effectiveness.

Sholichin et al. [11] conducted a comparative review of iOS ar-
chitectural patterns, including MVC, MVP, MVVM, and VIPER,
using metrics such as cohesion, coupling, and resource consump-
tion. Their analysis showed that MVVM stood out in testability and
cohesion, while VIPER demonstrated greater efficiency in coupling
and CPU usage. This study is particularly relevant for applying
practical metrics to evaluate how architectures influence software
quality, complementing the objectives of the present study by ex-
ploring the impact of architectures on test quality.

Sánchez et al. [14] investigated developers’ perceptions of muta-
tion testing in open-source projects. The study revealed that the
technique is widely valued for improving fault detection and in-
creasing test effectiveness; however, its use in larger projects faces
challenges related to tool performance. This work reinforces the
relevance of mutation testing as an analytical methodology, directly

aligning with the goals of the present study by using the technique
to explore architectural differences and understand testing effec-
tiveness in real-world contexts.

4 Study Design
This study adopted a quantitative approach, mining and analyzing
GitHub repositories to compare the quality of unit tests in projects
using the MVC and MVVM architectures. The following sections
outline the study’s steps, including data collectionmethods, analysis
procedures, tools, and processes employed to achieve the objectives.
Figure 3 shows the steps used to conduct the study.

Figure 3: Study Steps

4.1 Repository Selection and Classification
Repositories were collected via GitHub’s GraphQL API, using a
Python script to select public C# projects that specify TargetFrame-
work as net6.0, net8.0, or net9.0. Versions .NET 8 and .NET 9 were
chosen for their ongoing support, while .NET 6 was selected for
being a recent LTS version with extended support [9]. The reposito-
ries have more than 100 stars and were collected monthly between
2010 and 2024 to ensure a representative sample [3]. To confirm
the presence of tests, .csproj files were analyzed for packages such
as NUnit, xUnit, Test, and MSTest.

Repositories were classified as MVC or MVVM based on de-
pendency analysis in their .csproj files, using specific criteria to
identify packages associated with each architecture. Repositories
were labeled as MVC when they contained references to Microsoft.
AspNetCore.Mvc or System.Web.Mvc, which are widely recognized
as implementations of the Model-View-Controller pattern in .NET
applications. Conversely, repositories including dependencies such
as CommunityToolkit.Mvvm, MvvmLight, or ReactiveUI were cate-
gorized as MVVM, due to their usage in implementing the Model-
View-ViewModel pattern. These frameworks play a crucial role in
structuring the project, influencing code organization, separation
of concerns, and maintainability. To ensure classification reliability
and precision, repositories lacking references to any of these pack-
ages were discarded. In hybrid cases, where dependencies from
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both patterns were present, classification was based on the first
framework identified in the .csproj file, regardless of subsequent
frameworks.

4.2 Tools
To analyze test quality and mutation coverage, the tool used was
Stryker.NET1. It enabled the assessment of test robustness by intro-
ducing small code changes (mutants) and measuring the effective-
ness of the tests in identifying these changes.

Additionally, to calculate test coverage in the repositories, the
tool Coverlet2 was employed. Coverlet measures code coverage
rates, providing line, method, and branch coverage data, which
complement mutation analysis by offering insights into how much
code is being tested.

4.3 Metrics and Evaluation
The metrics selected to assess test quality in MVC and MVVM ar-
chitectures were chosen to explore different aspects of test suite
effectiveness with respect to failure detection. In addition to these
core metrics, complementary data such as code coverage and repos-
itory age were considered to provide a broader overview of the
analyzed projects. The main metrics are described below:

I. Fault Detection Rate (Mutation Score): This metric cal-
culates the percentage of eliminated mutants in relation to
the total number of introduced mutants during mutation
testing. Higher values indicate greater effectiveness of the
test suites in identifying simulated faults. Comparing this
score between MVC and MVVM repositories allowed for the
assessment of each architecture’s fault detection capability.

II. Test Coverage Effectiveness Rate: This metric assesses
test coverage effectiveness with respect to mutation detec-
tion. By combining code coverage rates with the mutation
score, it offers a more accurate view of test quality, ensuring
that comparisons between architectures consider both reach
and fault detection capacity.

III. Proportion of Mutants with Compilation Errors: This
metric indicates the relative number of mutants that could
not be tested due to compilation errors after code modifica-
tions. A high number of suchmutants may point to rigid code
structures or excessive coupling, making the system more
sensitive to internal changes. Although these mutants do not
directly affect the mutation score, their occurrence may re-
flect structural challenges that negatively impact testability.

4.4 Data Analysis and Presentation
The analysis of the collected data was performed using graphical
representations and statistical tests to identify potential differences
between MVC and MVVM repositories. Furthermore, correlations
between line coverage and mutation score, as well as between
repository age and mutation score, were investigated.

1Stryker.NET is an open-source tool designed to perform mutation testing on .NET-
based projects. More information at: https://stryker-mutator.io
2Coverlet is a cross-platform code coverage framework for .NET that supports line,
branch, and method coverage. More information at: https://github.com/coverlet-
coverage/coverlet

To verify whether the data followed a normal distribution, the
Shapiro-Wilk test was applied. Based on the outcome, the appro-
priate statistical test was selected to compare the metrics across
architectures. If the data followed a normal distribution, a Student’s
t-test was used; otherwise, the non-parametric Mann-Whitney test
was applied. The statistical analysis considered a confidence level
of 95% (𝛼 = 0.05).

Additionally, a linear regression was performed to quantify the
relationship between line coverage and mutation score, as well as
between repository age and mutation score. For this, the linregress
function from the SciPy library3 was used, which returns, among
other parameters, the coefficient of determination (r) [10].

5 Development
This section describes the development of the metric collection
process from the repositories, detailing the implemented procedures
and the data gathered for analysis.

5.1 Mutation Testing Execution
To perform mutation testing, a script was developed to clone each
repository, restore its dependencies, and compile the code before
running Stryker.NET. Each repository was validated for the presence
of a .sln solution file. If any step failed, the errors were logged and
the repository was excluded from the analysis. After environment
setup, the script executed the commands dotnet restore and dotnet
build to ensure that dependencies were properly configured and the
code compiled without errors. Stryker.NET was then triggered to
generatemetrics such asKilled, Survived, Timeout, Time Elapsed, and
Mutation Score, which were stored in a CSV file for later analysis.

5.2 Code Coverage Analysis
In addition to mutation testing, another script was implemented to
evaluate the unit test coverage in the classified repositories. Using
the Coverlet tool, the script automated the execution of the dotnet
test command to identify the generated .dll files, which are essential
for measuring code coverage. The output directories from the build
process (bin/Debug and bin/Release) were analyzed to locate these
files. If no detectable tests were found in a repository, it was removed
from the analysis. After identifying the test files, Coverlet was
triggered to calculate the coverage of lines and methods tested.
The results were extracted from the Coverlet output and stored
in a CSV file containing metrics such as "Line Coverage (%)" and
"Method Coverage (%)".

6 Results
This section presents the results obtained from the analysis of the
selected repositories: 53 MVC projects and 17 MVVM projects. To
verify the normality of the metric distributions, the Shapiro-Wilk
test was applied. The results showed that, except for the Mutation
Score in MVVM repositories (𝑝 = 0.0511), the other distributions do
not follow a normal distribution (𝑝 ≤ 0.05). Therefore, the Mann-
Whitney U test was chosen for group comparison, as it is a suitable
non-parametric test for this scenario.

3https://scipy.org/

https://stryker-mutator.io
https://github.com/coverlet-coverage/coverlet
https://github.com/coverlet-coverage/coverlet
https://scipy.org/
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Figure 4 shows the distribution of the Mutation Score between
MVC and MVVM repositories. MVVM projects had a median of
50.62%, considerably higher than the median of MVC projects,
which was 31.23%, possibly indicating greater effectiveness of the
test suites in the MVVM architecture. Furthermore, MVVM values
exhibited greater dispersion, with an interquartile range of 61.74
(𝑄1 = 9.56;𝑄3 = 71.30), compared to the 45.16 range observed
in MVC projects (𝑄1 = 10.25;𝑄3 = 55.40). Both groups, however,
presented high variability. Despite the visual and interquartile dif-
ferences, the Mann-Whitney U test indicated that this difference is
not statistically significant (𝑝 = 0.6609).

Figure 4:Mutation Score by Architecture

Figure 5 shows the distribution of line coverage rate between
MVC and MVVM repositories. Both groups showed high and simi-
lar dispersion, with values ranging from approximately 0 to nearly
1. The median coverage in MVC projects was slightly higher (0.344)
than that in MVVM projects (0.321), suggesting somewhat broader
coverage in the first group. Regarding dispersion, MVC repositories
had an interquartile range of 0.653 (𝑄1 = 0.092;𝑄3 = 0.745), while
MVVM projects had a range of 0.603 (𝑄1 = 0.128;𝑄3 = 0.731),
indicating similar amplitudes between groups. Despite these visual
differences, the Mann-Whitney U test did not indicate any statisti-
cally significant difference between the two groups (𝑝 = 0.8052).

Figure 5: Line Coverage by Architecture

Figure 6 presents the relationship between test coverage and
Mutation Score in the analyzed repositories, with linear regression
lines separated by architecture. Projects with low coverage gener-
ally had lower Mutation Scores. In repositories with high coverage,
the Mutation Score varied widely. Linear regression indicated a
moderate positive correlation between the variables (𝑟2 = 0.52) in

Figure 6: Relationship between Line Coverage and Mutation
Score

MVC projects, while in MVVM projects the observed correlation
was moderate-weak (𝑟2 = 0.34).

Figure 7 shows the distribution of the proportion of mutants with
compilation errors between MVC and MVVM repositories. In both
groups, most values are concentrated below 10%, although some
outliers are present. The median of MVVM projects was slightly
higher (5.13%) compared to MVC projects (4.58%). Regarding dis-
persion, MVC repositories showed an interquartile range of 4.11
(𝑄1 = 2.02;𝑄3 = 6.13), while MVVM projects had a range of 3.53
(𝑄1 = 4.39;𝑄3 = 7.92), indicating similar variations between the
groups. Despite these specific differences, theMann-Whitney U test
did not identify any statistically significant difference between the
architectures (𝑝 = 0.1977).

Figure 7: Mutants with Compilation Errors

Figure 8 shows the relationship between repository age (in years)
and Mutation Score. A greater concentration of projects with low
Mutation Scores is observed in repositories up to five years old. In
older repositories, the data is more dispersed. The distribution of
the points does not show a clear pattern between the variables,
with outliers present across different age ranges. The two architec-
tures are distributed throughout the chart, overlapping in several
regions. Correlation analyzes revealed a determination coefficient
of 𝑟2 = 0.17 for both MVC and MVVM projects, indicating a weak
correlation between repository age and Mutation Score in both
cases.

7 Discussions
The results presented in Section 6 indicated that there were no
statistically significant differences between the MVC and MVVM
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Figure 8: Relationship between Repository Age andMutation
Score

architectures with respect to the analyzed metrics: fault detection
rate (Mutation Score), line coverage, and the proportion of mutants
with compilation errors. The analyses performed using the Mann-
Whitney U test pointed to a lack of sufficient evidence to affirm
that architecture, in isolation, influences the effectiveness of test
suites in these projects.

Nevertheless, descriptive analyzes revealed that MVVM projects
had higher medians across most metrics, especially the Mutation
Score, which had a median of 50.62% compared to 31.23% in MVC
projects. Additionally, the absence of a well-defined central ten-
dency was observed, with wide interquartile ranges: 62.06 percent-
age points for MVVM and 47.78 for MVC in the Mutation Score by
architecture chart, indicating high internal variability within both
groups—especially considering that the metric ranges from 0% to
100%. Such variability may have directly contributed to the non-
significant statistical results, as highly heterogeneous distributions
reduce the power of statistical tests to detect actual differences.

These findings contrast with the theoretical expectation that
more modular architectures, such as MVVM, would favor testabil-
ity by facilitating component isolation and the creation of more
targeted tests [17]. The empirical data collected in this study suggest
that such an architectural advantage, if it exists, did not consistently
manifest in the objective metrics adopted herein.

Regarding repository age, the results also did not indicate a
strong relationship with the Mutation Score. The linear regression
determination coefficient (𝑟2) was 0.17 for both architectures, rep-
resenting a weak correlation between the variables. Although older
repositories presented greater dispersion in Mutation Score values,
this variation was not sufficient to establish a clear trend. This
suggests that project temporal maturity, in isolation, is also not
a determining factor for test quality as measured by the adopted
metrics.

In terms of line coverage and Mutation Score, the results also
did not reveal a statistically significant association between the
variables. The linear regression for MVC projects yielded a deter-
mination coefficient of 0.52, a value similar to that found by Assyl-
bekov et al. [1], who identified a moderate correlation (𝑟2 = 0.5)
between these metrics in a study with open-source projects. For
MVVM projects, the correlation was weaker (𝑟2 = 0.34). Despite the
similarity between the studies, the lack of statistical significance

in the current work suggests that this observed association was
not robust enough to indicate a strong relationship. Just as with
repository age, line coverage—when considered in isolation—was
also not a determining factor for test quality under the analyzed
conditions.

One possible explanation, as also discussed by Assylbekov et al.
[1], lies in the influence of uncontrolled factors such as developer
experience, project maturity, and the testing culture present in each
team. In collaborative environments like GitHub, these elements
tend to vary significantly between projects, diluting potential sys-
tematic effects attributed to architecture. Moreover, the analyzed
repositories span diverse domains, with sizes varying by orders of
magnitude, and present significant differences in complexity and
adopted tools, which may have impacted the results in different
ways.

It is worth noting that although the adopted metrics provide a
quantitative assessment of test effectiveness, they do not capture
other important aspects such as readability, granularity, or main-
tainability of test suites. Therefore, the results presented here do
not rule out the possibility that architecture influences test quality,
given that the medianMutation Score for MVVMwas approximately
19% higher than that of MVC. However, the results indicate that, in
the observed context, such influence was not statistically evident
due to the high variability and diversity of the analyzed projects.

8 Threats to Validity
This section presents the main threats to the validity of this study,
along with the strategies adopted to minimize them[19].

Internal Validity. Internal validity refers to the extent to which the
results of the experiment can be attributed to the studied variables,
without the influence of uncontrolled external factors. A relevant
threat lies in the differences in size, scope, and complexity among
the analyzed projects. Larger projects tend to accumulate more
legacy code, present greater diversity in testing practices, and be
subject to failures unrelated to architecture. Although no explicit
normalization of these factors was performed, the selection included
only repositories with active automated tests that compile and
execute correctly, filtered by language, technology, and popularity,
partially reducing heterogeneity across projects.

Conclusion Validity. Conclusion validity concerns the robustness of
statistical inferences drawn from the collected data. One limitation
is the use of Mutation Score as the primary metric for assessing
test quality, which does not include other potential indicators such
as error severity, number of test cases, test coverage, and root
cause. To mitigate this limitation, complementary metrics such as
code coverage were also analyzed. Another important limitation is
the reduced number of MVVM repositories available, which likely
decreased the statistical power of the analyses. This suggests that
the absence of statistically significant differences betweenMVC and
MVVM may have been influenced by the study design, particularly
the sample size, which could have prevented their detection.

External Validity. External validity relates to the generalizability of
the study results to other contexts. As the analysis was restricted to
open-source projects hosted on GitHub, there is a risk that the re-
sults do not adequately represent corporate environments or closed
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platforms. Public projects may adopt development and testing prac-
tices that differ from those in private organizations, both in terms of
culture and operational constraints. To mitigate this limitation, the
selection included popular repositories spanning various domains
and development realities.

Construct Validity. Construct validity refers to how accurately the
investigated concepts were operationalized and measured. A limita-
tion lies in the technical constraints of the Stryker.NET tool, which
may not support all coding patterns present in the analyzed reposi-
tories, potentially generating invalid or non-representative mutants.
This occurs because certain language constructs or dependencies
from specific frameworks may not be correctly instrumented by
the tool. To reduce the impact of this limitation, a manual review
of Stryker.NET-generated reports was performed to identify and
discard invalid or non-representative mutants. Another limitation
lies in the strategy of classifying repositories as MVC or MVVM
based on the first architectural dependency found in .csproj files,
even when other patterns were also present. This approach may
introduce bias in projects using multiple architectural styles, but it
was adopted as a way to reduce subjectivity in classification and
enable large-scale automation of the analysis.

9 Conclusion
This study conducted a comparative analysis of test code quality
in projects that adopt the MVC and MVVM architectures, using
public repositories from GitHub. It is worth noting that this study
focused exclusively on projects developed in the C# language and
the .NET framework. The main evaluation metric was the Mutation
Score, obtained through the execution of the Stryker.NET tool. In
addition to this metric, complementary information such as code
coverage was considered, allowing for a broader evaluation of the
effectiveness of the tests present in the analyzed projects.

When evaluating and comparing the fault detection rate between
the MVC and MVVM architectures, it was observed that, although
the median Mutation Score of MVVM projects was higher than that
of MVC projects, this difference did not reach statistical significance.
Therefore, it was not possible to confirm that architecture directly
impacts the effectiveness of tests in terms of fault detection. The
analysis of the relationship between line coverage and theMutation
Score revealed a moderate positive correlation for MVC projects and
a weak one for MVVM, but similarly with no statistical significance,
indicating that coverage alone does not guarantee greater fault
detection capability. Finally, the investigation of the proportion of
mutants with compilation errors showed similar values between
architectures, with no statistically relevant differences, suggesting
no evidence of structural limitations affecting system testability.

These results indicate that, despite the theoretical advantages
often attributed to MVC and MVVM architectures in terms of mod-
ularity and testability, the conducted analysis did not reveal a direct
influence of architectural choice on test quality in open-source
projects. External factors, such as developer experience, project
maturity, and testing culture, appear to have a potentially more
significant impact. As a practical conclusion, the data suggest that
the quality of test suites is less related to the adopted architecture
and more to how tests are planned, written, and maintained by
the teams involved. Therefore, architectural decisions should be

accompanied by a conscious testing strategy, as architecture alone
does not ensure greater fault detection effectiveness.

As a proposal for future work, a promising direction would be
to investigate the influence of developer experience and practices
on the quality of test code, through the analysis of contributor
profiles in the repositories, considering their seniority, frequency
of contribution, and involvement with automated testing. Such an
approach would allow for a better understanding of whether test
quality is more closely linked to human and organizational factors
than strictly to the employed architecture.

ARTIFACT AVAILABILITY
The scripts and dataset are available at: https://github.com/CleitonSilvaT/
mvc-mvvm-sbqs-2025
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